Objective: The aim of the study was to evaluate the efficiency of the Hankins and Howe (HH46), Valadares Filho (V06), and Marcondes (M12) equations for predicting the physical and chemical composition of dairy crossbred bulls carcasses, as well as the chemical compo sition of their empty bodies. Methods: This study was conducted using 30 dairy crossbred bulls. One group of five animals was slaughtered at the beginning of the experiment, and the remaining were slaughtered 112 days later. Animals were distributed in a completely randomized design into treatments consisting different levels of concentrate (0%, 17%, 34%, 51%, and 68%). The physical and chemical compositions of the cattle were obtained from the right half of the carcass and using samples taken between the 9th and 11th ribs of the left half of the carcass. The estimated and experimentally determined values were compared using the correlation and concordance coefficient, as well as the mean square error of prediction (MSEP) and its components. Results: The HH46 equations were better at estimating the amount of muscle plus fat in the carcass. The amount of bone in the carcasses could not be well estimated by the HH46 and M12 models. The M12, HH46, and V06 equations were worst at estimating the amounts of protein, ether extract, and water in the carcass, respectively. In the empty body, the amounts of protein and water were well estimated by the HH46 equations. Protein, ether extract, and water were accurately estimated by the V06 equations, and ether extract by the M12 equations. Conclusion: The physical and chemical composition of dairy crossbred bull carcasses, as well as the chemical composition of their empty bodies, can be predicted using the equations tested here. The amount of bone in these carcasses could not be accurately predicted.
INTRODUCTION
To reduce the time and cost spent on the complete dissection of cattle carcasses, Hankins and Howe [1] proposed carcass sampling, in which a section between the 9th and 11th ribs is used to estimate the physical and chemical compositions of bovine carcasses. However, these equations were developed using data from Bos taurus taurus, which has a different body composition than zebu or crossbred [2] , and the direct methods have been progressively abandoned for indirect methods [3] .
Work by Marcondes et al [4] , Paulino et al [5] , and Silva et al [6] has shown that the equations of Hankins and Howe [1] were not fully applicable for zebu, and suggested new equations and approaches [7, 8] . These new equations were developed using data from zebu and crossbred cattle and validated for Nellore cattle [9] , which differ from Holstein×Gir cross bred cattle.
The use of crossbred Holstein×Gir for milk production is common in tropical regions. This cross produces animals that are more tolerant to tropical conditions while maintaining good productivity. Thus, male calves from Holstein×Gir crosses are an important alternative meat source in Brazil, as well as in other parts of the world. Despite the importance of this genetic group, there is little available data on Holstein×Gir crossbred cattle [1014] . Here, we aim to test the applicability of available equations for estimating the physical and chemical composi tion of crossbred dairy cattle.
MATERIALS AND METHODS

Ethical considerations
This work was conducted with the approval of the Animal Use Ethics Committee of Federal Rural University of Pernam buco (UFRPE), Recife, Pernambuco, Brazil (Permit Number: 23082.015634/201241).
Animal, diets and experimental treatments
Thirty crossbred dairy bulls, with an average initial body weight (BW) of 339.1 (standard deviation = 35.4 kg) were used. First, animals were weighed, identified, treated against internal and external parasites, and supplemented with injectable vitamin A, D, and E.
After a 30 day adaptation period, in which animals were fed the same diet (80:20, forage:concentrate), five animals were randomly chosen as the reference group. The remaining ani mals were randomly distributed in a completely randomized design consisting five treatments (either 0%, 17%, 34%, 51%, or 68% of concentrate [dry matter basis]), confined for 112 days, and slaughtered.
Diets were formulated according to National Research Council [15] for a weight gain of 1 kg/d (Table 1) . Feeding was carried out twice per day as a total mixed ration and adjusted to allow leftovers of between 5% and 10% of the quantity supplied, except for animals of the maintenance group (0% concentrate, dry matter intake restricted for 1.5% BW). Water was permanently available.
Slaughter and samplings
At the end of the experiment, the animals were slaughtered after 16 h of fasting. Procedures followed Instruction No. 3 (17 Jan 2000) of the Ministry of Agriculture, Livestock and Food Supply, which regulates humanitarian slaughter [16] .
To determine the empty body weight (EBW), the gastro intestinal tract was emptied, washed, and its weight added to the remaining parts of the empty body (organs, viscera, in ternal fat, carcass, head, leather, tail, feet, and blood). To obtain the cold carcass weight, the carcass of each animal was divided into two half carcasses, which were weighed and then cooled in a cold chamber at 4°C for 24 h. From the left half of the carcass, the section between the 9th and 11th ribs (rib [9] [10] [11] ), according to the methodology described by Hankins and Howe [1] , was collected, weighed, dissected, and the propor tions of muscle, adipose, and bone tissue contained therein were determined. Bone tissue was also separated from the other tissues of the right half of the carcass, which were weighed to further evaluate the physical composition of the carcass.
Blood was collected separately during bleeding, and blood samples were predried at 55°C to 60°C for 72 h. Organs, vis cera, and internal fat were ground in a milling cutter in order to obtain a composed sample, as well as muscle plus fat from the right half carcass and the rib [9] [10] [11] . Leather samples were chopped, and tail, head, feet, and bones samples were sawed.
Laboratory analysis
To evaluate the fat dry matter (FDM), and water content, or gans and viscera, muscle and fat, leather, bone, tail, head, and [23] .
2) ME = TDN × 4.409 × 0.82.
limbs were dried in stove at 105°C (method 24.002 [17] ). Later, a predegreasing was performed on the samples through successive washings with petroleum ether, to obtain the predefatted dry matter (PDDM). Then, samples were ground in a ball mill for further analysis and for quantifica tion of the ether extract (EE, method 24.005 [17] ) and nitrogen (N, method 24.038 [17] ) contents. The protein content (P) was calculated by multiplying the nitrogen content by 6.25 [17] . Fat removed in the predegreasing was calculated as the dif ference between FDM and PDDM and added to the results obtained for the residual EE in PDDM for determination of the total fat content.
Evaluation of equations
The equations proposed by Hankins and Howe [1] (HH46), Valadares Filho et al [8] (V06), and Marcondes et al [7] (M12) were evaluated. The chemical composition of the rib [9] [10] [11] , as well as other parameters, were used to design these equations ( Table 2) .
Data used in the experiment
The data used to test the equations are shown in Table 3 and were evaluated in their absolute weight (kg), according to the recommendations of Costa e Silva et al [9] .
Statistical analysis
The body composition estimated by the equations of HH46, V06, and M12 were compared with the values observed using the regression model: If the null hypotheses were not rejected, the prediction model accurately estimated the evaluated body composition.
The efficiency of the prediction models was also evaluated using the mean square error of the prediction (MSEP) and its M C , muscle in the carcass; F C , fat in the carcass; B C , bone in the carcass; M rib9-11 , muscle in the section between the 9th and 11th ribs; F rib9-11 , fat in the section between the 9th and 11th ribs; B rib9-11 , bone in the section between the 9th and 11th ribs; CD, carcass dressing in the empty body; P C , protein in the carcass; EE C , ether extract in the carcass; W C , water in the carcass; P rib9-11 , P in the section between the 9th and 11th ribs; EE rib9-11 , EE in the section between the 9th and 11th ribs; W rib9-11 , water in the section between the 9th and 11th ribs; VF, visceral fat; EBW, empty body weight; OV, organs and viscera. components [18] : [19] . Models were statistically evaluated using the Model Evaluation System (3.1.16) software (http://nutritionmodels.com/mes.html).
RESULTS
Carcass physical composition
The equation proposed by HH46 was best at estimating the composition of the muscle tissue plus adipose tissue in the carcass when compared with M12 when the CCC was ob served ( Table 4) . The intercept and inclination of the M12 equation presented problems (p<0.05), whereas the parameters of the HH46 equation were accurately estimated (p>0.05). The amount of muscle plus fat was underestimated (Table 4) by the M12 equation.
The HH46 and M12 equations returned low CCC values when predicting the amount of bone tissue in the carcass (Table 4) , and were unable to adequately estimate the β 0 and β 1 parameters (p<0.05). Both equations overestimated the amount of bone tissue in the carcass for the majority of the evaluated samples (Table 4) .
Carcass chemical composition
When estimating the chemical composition of the carcass, the V06 equations returned the best CCC values for all chemical components analyzed (Table 5 ).
All of the tested models performed well when estimating the amount of P in the carcass (all with high CCC and low MSEP values). However, the M12 model have problems with intercept and slope was unable to adequately estimate the equation parameters (p<0.05).
When estimating the EE, the M12 and V06 returned about equal CCC and MSEP values. Using the HH46 equation re turned high CCC and MSEP values, and the coefficient of inclination was not properly estimated (p<0.05). Most of the EE concentration was overestimated by the HH46 equation (Table 5) .
When estimating the amount of water in the carcass, the V06 equation returned a higher CCC value and lower MSEP value than the other equations. However, the intercept and the slope were not well estimated using V06 (p<0.05). On the other hand, this problem was not observed for the HH46 and M12 equations, which both returned high CCC values ( Table  5 ). The M12 equation returned a lower MSEP value than the HH46 equation. However, 55% of the MSEP of the HH46 equation's were found in the MoF, which means that most of the deviation was not due to intrinsic errors in the β 0 and β 1 parameters of the linear equation.
Empty body chemical composition
When estimating the chemical components in the empty body, all of the tested equations returned high CCC values ( Table 6 ). The MSEP was similar between M12 and V06 equations for EE and P, with most of the MSEP relative to MoF, indi cating that most of this error was unrelated to the equation.
When estimating water content, the MSEP of the V06 equation were smaller than the M12 equation. The highest proportion MSEP of the M12 model was associated with the deviation in the β 0 of the equation, this was supported by the SB value for this equation. Thus, V06 equation were better, because most of the MSEP was not relative to the model (MoF = 39.39). 
DISCUSSION
Carcass physical composition
The performance of the HH46 equation when estimating the amount of muscle plus fat in the carcass might be connected to the antagonism of these two components, leading to a posi tive result when these two variables are added together (Table  4) . HH46 developed equations for calves, heifers, and com posed equations. Here, we used the equations developed for calves, whose fat deposition occurs later in heifers and in bulls. Because for this difference in the deposition of tissues between the genders, some studies have reported that these equa tions overestimate the amount of fat [4, 9] and undervalue the amount of muscle [4] . The introduction of internal fat in the M12 equation may have interfered in its efficiency at estimating muscle plus fat in crossbred dairy bulls, since this animal category tends to store dietary energy excess in the form of internal fat [20] .
The low efficiency of the HH46 and M12 equations at esti mating the amount of bone tissue may be related to the genetic group used in the study. Costa e Silva et al [9] found that the HH46 and M12 equations adequately estimated the amount of bone tissue in Nellore cattle. However, Goulart et al [21] observed differences in the proportion of bone in animals from distinct genetic groups.
Carcass chemical composition
None of the evaluated models could adequately estimate all of the chemical components in the carcass (Table 5 ). However, we propose that either the HH46 or M12 equations can be used for predicting the water content of crossbred dairy cattle; the HH46 or V06 equations for estimating protein content; and the V06 or M12 equations for EE. Prados [22] has proposed that the V06 and M12 equations are suitable for estimating P, EE, and water in Holstein×Gir cattle carcass and that the HH46 equations were better predictors of P content.
Empty body chemical composition
We found that the V06 equations are suitable for estimating EE and water in the empty bodies of crossbred dairy cattle (Table 6) , which is in line with the findings of Prados [22] . In this study, the V06 equation was best at estimating the amount of protein in the empty body. However, Prados [22] and Costa e Silva et al [9] found that the M12 model performed best with crossbred dairy and Nellore cattle respectively. Thus, further studies should aim to resolve the best approach for estimating the chemical composition in the empty bodies of crossbred dairy cattle.
CONCLUSION
In crossbred dairy bulls, the amount of fat plus muscle in the carcass can be estimated using the HH46 equations. However, the amount of bone tissue in the carcass cannot be estimated from the HH46 and M12 models. The M12, HH46, and V06 models were worst at estimating the amounts of protein, EE, and water in the carcass, respectively. In the empty body, the amount water are best estimated using the equation proposed by V06; protein, and EE, are best estimated by the V06 and M12 equations. Overall, we propose that for dairy crossbred bulls, the carcass physical and chemical composition (except bone content) and empty body chemical composition can be predicted using the equations tested in this work.
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